Abstract The minimum in the amplitude versus flash strength curve of dark-adapted 15 Hz electroretinograms (ERGs) has been attributed to interactions between the primary and secondary rod pathways. The 15 Hz ERGs can be used to examine the two rod pathways in patients. However, previous studies suggested that the cone-driven pathway also contributes to the 15 Hz ERGs for flash strengths just above that of the minimum. We investigated cone pathway contributions to improve upon the interpretation of (abnormal) 15 Hz ERGs measured in patients. We recorded 15 Hz ERGs in five healthy volunteers, using a range of flash strengths that we extended to high values. The stimuli were varied in both colour (blue, green, amber, and red) and flash duration (short flash and square wave) in order to stimulate rods and cones in various ways. The differences in the responses to the four colours could be fully explained by the spectral sensitivity of rods for flash strengths up to approximately 12.5 log quantaÁdeg -2 . At higher flash strengths, higher-order harmonics appeared in the responses which could be attributed to cones being more sensitive than rods to higher frequencies. Furthermore, the amplitude curves of the blue and green responses showed a second minimum suggesting rod to cone interactions. We present a descriptive model of the contributions of the rod and cone pathways. In clinical application, we would advise using the short flash flicker instead of the square wave flicker, as the responses are of larger amplitude, and cone pathway contributions can be recognized from large higher-order harmonics.
Introduction
Rod signals are transmitted by at least two rod pathways [1] [2] [3] . In the primary rod pathway, rod signals travel via rod ON bipolar cells and all amacrine cells to either cone ON bipolar cells and ON ganglion cells or cone OFF bipolar cells and OFF ganglion cells. The synaptic mechanism between the rods and the rod ON bipolar cells allows the transmission of singlephoton signals and is most effective at very low intensities [4] [5] [6] . In the secondary and less sensitive pathway, rod signals travel via gap junctions between rod and cone pedicles to reach cone ON or OFF bipolar cells and ON or OFF ganglion cells [1] [2] [3] 7] . The existence of the two rod pathways in human subjects was discovered with the use of scotopic 15 Hz flicker stimuli. In the earliest studies, subjects reported the presence or absence of a flicker perception. Normally, when the flash strength is increased, perception of the flicker will become more pronounced. However, for a flicker of 15 Hz, the perception of flicker diminishes for flash strengths above the flicker threshold. At higher flash strengths, the perception of flicker reappears and becomes more pronounced [8] [9] [10] [11] [12] . In later studies, this disappearance of flicker perception was found to correlate with a minimum in the amplitude versus flash strength curve of 15 Hz flicker electroretinograms (ERGs) [13, 14] . The minimum is accompanied by a phase shift of approximately 180°. The current explanation of the phenomenon is that the minimum is caused by destructive interference of signals from the two rod pathways which, at a certain flash strength, are of both equal amplitude and opposite phase. The possibilities for the clinical application of this phenomenon are presently being explored [15] [16] [17] [18] [19] [20] .
Several studies have provided evidence that the minimum in the 15 Hz ERGs is caused by interaction between the primary and secondary rod pathways. Psychophysical studies showed that the minimum also occurred when cone activity was suppressed by, for instance, a red background. Furthermore, the phenomenon could also be recorded in subjects with complete achromatopsia (patients with no cone function) [13, 21] . However, there are also indications in the literature, which imply that cone pathway contributions (cone signals that travel either via ON cone bipolar cells to ON ganglion cells or via OFF cone bipolar to OFF ganglion cells) are present in the responses just above the minimum [8, 10, 13] . Moreover, the stimuli normally applied in ERG studies do not suppress cone activity. To investigate cone pathway contributions in the ERG, Stockman et al. [13] recorded ERGs 4-10 min after a bleach. In this period, cones are dark adapted while rods are still recovering from the bleach. They found strongly reduced ERG responses for flash strengths just above that of the minimum. They argued that the responses could originate both from partially bleached rods and dark-adapted cones. 15 Hz ERG responses have been used to examine the primary and secondary rod pathway in patients. However, uncertainty as to the origin of the responses reduces the clinical value of the 15 Hz protocol and the possibility of determining the dysfunctional signal transmission in retinal disorders.
Our objective in this study was to evaluate the contribution of rod and cone pathways to 15 Hz ERGs. We therefore increased the range of flash strengths to include mesopic stimuli. In order to distinguish rod and cone pathway responses, we used their differences in spectral sensitivity (V 0 (k), V (k) [22] ). The spectral sensitivity of cones depends on the output of multiple photoreceptors and therefore changes with chromatic adaptation [23] . However, a study on chromatic adaptation by Padmos et al. [24] showed that flicker ERGs resemble the V (k) curve closely, except at intensities far above the average of the highest flicker intensity used in our study. According to the V 0 (k) curve, rods are more than one log unit less sensitive to amber and more than two log units less sensitive to red compared to blue or green The sensitivity of cones varies less than half a log unit between these colours (V (k) curve). Hence, stimuli that equally evoke responses from the cone pathway will not evoke equal responses from the rod pathway [8, 25] . In this study, responses to blue, green, amber, and red stimuli will be compared at equal radiant flash strengths.
We also used the differences in temporal frequency sensitivity to distinguish rod and cone pathway responses. We compared the harmonic components in the ERG responses to both 15 Hz short flash flickers (as used in most clinical paradigms) and square wave flickers. 1 Both the square wave and short flash flicker contain a large first-order component (15 Hz) . However, in the square wave flicker, the second and thirdorder components (30 Hz and 45 Hz) are small, while they are large in the short flash flicker. It has been shown that rods can respond linearly to flicker frequencies of up to 30 Hz [8, 26] . Odom et al. [26] found that the sensitivity of rods declines exponentially with flicker frequency and that rods are 2 log units less sensitive to 30 Hz than to 15 Hz flicker.
From extrapolation, we predicted that the sensitivity of rods to a 45 Hz flicker would be decreased by another 2 log units. Thus, rod pathways will mainly respond to the fundamental component of 15 Hz flicker stimuli, which is approximately the same in short flash and square wave flicker. However, higher harmonic components can occur when the rod pathways respond to the 15 Hz component in a nonlinear manner. The temporal flicker sensitivity of cones is described as a band-pass filter that is dependent on the average intensity of the stimulus [25] [26] [27] . Nevertheless, the sensitivity of cones to flicker frequencies of 15, 30 and 45 Hz is of the same order. Thus, the cone pathway will respond to all components in the stimuli. As these differ between short flash and square wave flicker, the cone pathway responses will contain differing components [28] . Thus, short flash and square wave flicker will evoke almost equal responses from the rod pathways, but not from the cone pathway.
Methods

Subjects
Five healthy subjects participated in this study: AV (female), FH (male), GW (male), MB (female), and MC (male). The subjects were aged 27-44 years, had full visual acuity and were emmetropic to less than 4D myopia. All volunteers gave their informed consent.
Apparatus and stimuli
The stimuli were produced by a Ganzfeld stimulator (Standalone Colordome system, Diagnosys LLC, Impington, Cambridge, UK). We used two different 15 Hz flicker stimuli. These were a short flash flicker (4 ms flashes) and a square wave flicker (33 ms flashes). We will compare responses to flicker stimuli of equal intensities, i.e. at equal DC component (0 Hz). In the short flash flicker, the fundamental, second and third harmonic components (15, 30, 45 Hz, respectively) are of approximately equal amplitude. In the square wave flicker, the same components are of 0.64, 0.01 and 0.21 amplitude for an equal ground component.
We used LEDs in four different colours. These were blue with a peak wavelength at 465 nm and full width at half maximum (FWHM) of 27 nm; green with a peak at 516 nm and FWHM of 28 nm; amber with a peak at 598 nm and FWHM of 15 nm; and red with a peak at 638 nm and FWHM of 19 nm. It is routine, in experiments using various colours of stimuli, to correct the flash strength of the stimuli for the spectral sensitivity of the retina [29] . This means that for low flash strengths, when only rods are active, the flash strength of the coloured stimuli is corrected using the V 0 (k) curve and flash strengths are given in scotopic units. For high flash strengths, when only cones are active, the V (k) curve is used and flash strengths are given in photopic units. However, in this study, we are using stimuli ranging from scotopic to mesopic flash strengths so the spectral sensitivity of the retina will shift from the V 0 (k) curve to the V (k) curve. This means that neither scotopic nor photopic units apply over the entire range of flash strengths. We will therefore use a radiometric unit: quantaÁdeg -2 . Conversions to candela (phot cdÁsÁm -2 ) and trolands (scot tdÁs, phot tdÁs) are given for the stimulus of the highest flash strength in Table 1 . Since the Colordome System is photopically calibrated for all stimuli, according to the standard established by the ISCEV, International Society for Clinical Electrophysiology of Vision [30, 31] , the flash strength of each colour was corrected for V (k) [22, 29] .
We used 19 different flash strengths, ca. 0.2 log units apart, to generate scotopic and mesopic responses. The flash strengths ranged from 10.0 to 13.6 log quantaÁdeg -2 . Subjects wore goggles with grey filters during the 16 stimuli of lowest flash strengths. The goggles were calibrated using a fibre optic spectrometer (type AvaSpec-3648, Avantes BV, Eerbeek, The Netherlands). We recorded each subject's responses to 15 Hz stimuli of 12.9 log quantaÁdeg -2 with and without the goggles. We found that the responses measured while wearing goggles were of a slightly smaller amplitude. The goggles blocked far peripheral stimulation which may have caused this small effect.
Procedure
We presented all five subjects with eight series of 19 flicker stimuli. Table 2 shows the order in which the subjects were presented with the series. The vertical bars in Table 2 indicate a 1-h break. At the start of the experiment and after the break, subjects dark adapted for 20 min; between the series dark adaptation was shortened to 16 min. The whole experiment, not including the break, lasted for a minimum of 5 h for each subject. We used an extended protocol for subject AV, consisting of additional flash strengths for the short flash stimuli (8.8-13.6 log quantaÁdeg -2 ). She also dark adapted for longer periods. Her responses to the common stimuli were similar to those of the other subjects.
The subjects' pupils were dilated with 0.5% tropicamide, both at the start of the experiment and after the break. With each subject, we used DTL fibre electrodes [32] for both eyes. We attached the ends of the fibre to the skin, as close as possible to the left and right corners of the eye, so that the fibre itself floated on the cornea. We placed a reference electrode on the forehead just above the nose, and a ground electrode was positioned on the left temple.
Data analysis
We recorded the ERG responses at a sample frequency of 1,024 Hz for approximately 25 s and stored them using the computer programme Eemagine EEG (Advanced Neuro Technology BV, Enschede, The Netherlands). We averaged approximately 250 ERG responses over 0.267-s time intervals (four periods). If the amplitude exceeded ±250 lV, the programme automatically rejected responses. Because right and left eye responses are correlated, we only used right eye responses in further analyses. We applied a Fourier transformation to calculate the amplitude and phase of the 15, 30 and 45 Hz components (i.e. the first, second and third harmonics). The phase of each harmonic component is defined by the Fourier transformation to be between 0°and 360°. However, when the response time to a flash is longer than the time between two flashes, the absolute phase exceeds 360°. We therefore added or subtracted 360°to the phase so that the phase difference was smallest with the subsequent flash strength. We rejected the phase of responses for which the signal to noise ratio was below 4.55 (1% significance level). For the signal to noise ratio, we divided the amplitude of the 15, 30 or 45 Hz components by the average amplitude of the neighbouring frequencies (11 and 19 Hz, 26 and 34 Hz, 41 and 49 Hz, respectively) [33] . We corrected the phase of the responses to short flash and square wave flicker for the duration of the flash (4 or 33 ms) so that the phase was in relation to the midpoint of the flash [29] . Table 1 The highest flash strength of each colour given in four types of units [29, 37] . These flashes are of (almost) equal radiant flash strengths. (Small deviations are caused by the limited number of digits used to set the flash strength during the experiment.) Colour k at peak of spectrum (nm) Log phot cdÁsÁm 
Results Figure 1 represents two series of ERG responses in subject MC to blue short flash flicker (left) and square wave flicker (right). These ERGs are representative of all subjects' responses to blue and green stimuli. A minimum in amplitude could be detected in both series of subject MC at a flash strength of approximately 11.1 log quantaÁdeg -2 . The responses to stimuli of flash strengths just above and below that of the minimum were of an approximately opposite phase. The shape of the responses to short flash and square wave flicker became increasingly different above 12.5 log quantaÁdeg -2 . Figure 2 shows the 15 Hz amplitude versus flash strength curves (henceforth called amplitude curves) of the ERG responses to the four colours of stimuli. The blue and green stimuli amplitude curves showed a similar shape in all subjects. A first minimum occurred at approximately 11 log quantaÁdeg -2 ( Fig. 2) . A second minimum occurred in the responses of three out of five subjects at approximately 13 log quantaÁdeg -2 (Fig. 2, subject MC) . The 15 Hz amber stimuli amplitude curves showed either a minimum or an inflexion point in an otherwise monotonous increase at approximately 12.5 log quantaÁdeg -2 . The red stimuli amplitude curves for some subjects showed subtle inflection points at approximately 12.5 log quantaÁdeg -2 but most increased monotonously. The 30 Hz amplitude curves of the responses to all stimuli showed a steep rise in amplitudes above 12.5 log quantaÁdeg -2 with a subsequent minimum for just blue and green stimuli.
For subject AV, we measured extra responses to short flash flicker of very low flash strengths. Figure 3 shows the amplitude curves of her responses plotted on a scotopic scale, thus according to V 0 (k). Substantial responses could be recorded for all colours above roughly -3.0 log scot tdÁs. The amplitude curves are similar up to approximately -2.0 log scot tdÁs. Figure 4 shows that the minima in a subject's responses occurred at the same flash strength, independent of whether we used short flash or square wave flicker stimuli. However, the amplitudes of the responses were larger to short flash flicker than to square wave flicker. The 30 and 45 Hz components could be distinguished from noise for flash strengths above roughly 11.8 log quantaÁdeg -2 . Both amplitude curves belonging to the 30 and 45 Hz components showed a minimum at approximately 12.7 log quantaÁdeg -2 . In the responses to short flash flicker, these minima were followed by a steep rise. In contrast, the responses to square wave flicker increased only slightly.
Phase
The phase curves of the 15 Hz components of the responses to short flash and square wave flicker to blue and green stimuli were similar, but not the same as the responses to amber and red stimuli (Fig. 5 ). This , see ''Methods'' section). The responses are the same shape for flash strengths up to 12.5 log quantaÁdeg agrees with the similarities we found in the amplitude curves of the ERGs. The phase curves of the ERG responses to blue and green stimuli display a steepening of the phase change at the flash strength where a minimum occurred. However, there was no abrupt 180°phase change; the change was smoother, and the size of the shift varied between subjects.
The phase curves of the blue and green responses in subject MC (Fig. 5, top left) showed a steepening in the decrease of phase at 12.5 log quantaÁdeg -2 . A second minimum occurred at the same flash strength in the amplitude curves (Fig. 2, top left) . This was not the case in the responses of subject FH (Fig. 5, top right,  Fig. 2, top right) . A second steepening in the decrease of the phase curves occurred only in the responses of those subjects who also had a second minimum. The phase curves of the responses to amber and red stimuli differed between subjects. The phase curves of the responses to short flash and square wave flicker of the same colour were similar.
We do not display the phase of the 30 and 45 Hz components here because the majority were indistinguishable from noise. Fig. 3 The ERG responses of subject AV are here plotted on a scotopic scale. The maximum scotopic flash strength in the figure, -1.0 log scot tdÁs, corresponds to 11.1 log quantaÁdeg -2 for the blue and green stimuli, 12.3 log quantaÁdeg -2
for the amber stimuli and 13.4 log quantaÁdeg -2 for the red stimuli. As can be seen, substantial responses were recorded for flash strengths above -3.0 log scot tdÁs for all four colours, and the amplitude curves are fairly equal up to -2.0 log tdÁs Descriptive model
The 15 Hz amplitude curves of the responses to blue and green stimuli showed two minima that were both accompanied by changes in the 15 Hz phase curves. We suggest that the two minima with accompanying phase shifts are caused by primary to secondary rod pathway interactions and secondary rod to cone pathway interactions, respectively. In order to gain more insight into the contributions of the separate pathways, we designed a descriptive model to explain the data. Since we were mainly interested in explaining the 15 Hz components in the responses, we simplified the contribution of each pathway to 15 Hz sine waves and vector-added the results. Each pathway's contribution was described by an amplitude and phase curve. For the amplitude curves belonging to the rod pathways, we used a Gaussian function or ''bell curve''. The cone pathway amplitude curve was described by an exponential curve. These respective assumptions were supported by the data of an achromat and CSNB1 patients, represented in the subsequent accompanying paper. The amplitude curves were described by three parameters: (1) the steepness of the curve; (2) the position of the curve along the flash strength axis, (3) the amplitude scaling factor. The phase curves were assumed to decline linearly with flash strength; parameters: (4) a starting point, (5) a phase decline with flash strength. The difference between the vector sum of the model and the data of the 15 Hz components was minimized using nonlinear least squares. Figure 6 shows the fit of the model to the 15 Hz components in the responses of subject MC to blue short flash stimuli. As can be seen, the model was effective in describing the data. This example is representative for the model fits made to the data of the responses of all five subjects to blue and green stimuli. However, multiple solutions could be found for the fit of each data set because the various pathways contribute at partially overlapping ranges of flash strengths and also because the model includes as many as 15 variable parameters. Therefore, a quantitative description of the model is not given. The model merely provides a possible qualitative solution and a visualization of each pathway's contribution.
Discussion
The blue and green stimuli amplitude and phase curves were similar for flash strengths below approximately 12.5 log quantaÁdeg -2 . The red or amber stimuli amplitude and phase curves (Fig. 2) were different for these flash strengths. According to the V 0 (k) curve, rods are equally sensitive to blue and green stimuli but approximately 1 and 2 log units less sensitive, respectively, to amber and red. According to the V (k) curve, the sensitivity of cones varies less than half a log unit between these colours [22] . Thus, the dissimilarities found in the ERGs for flash strengths below 12.5 log quantaÁdeg -2 suggest that these responses are generated by rod pathways. The responses to blue or green stimuli showed an initial minimum below these flash strengths at approximately 11 log quantaÁdeg -2 . This supports the idea that this minimum is caused by rod pathways interaction.
When the amplitude curves were plotted on a scotopic scale (thus according to V 0 (k)), they were remarkably similar for flash strengths up to approximately -2.0 log scot tdÁs (Fig. 3) . This flash strength corresponds to 10.0 log quantaÁdeg -2 for the blue and green stimuli, 11.2 log quantaÁdeg -2 for the amber stimuli and 12.3 log quantaÁdeg -2 for the red stimuli. This suggests that, while increasing the flash strength of the stimuli, the first responses above noise level were generated by rod pathways for stimuli of all colours. Above -2.0 log scot tdÁs, responses to red stimuli deviated from those to blue, green and amber stimuli. This suggests that these red responses are mainly cone driven.
The first minimum in the responses to blue and green short flash and square wave flicker stimuli (Figs. 2, 4 ) occurred at equal radiant flash strengths. The amplitudes of the 15 Hz component in the responses to short flash flicker were larger than responses to the square wave flicker. This may be explained by the fact that the fundamental component (15 Hz) in short flash flicker is larger than in the square wave flicker. The responses to short flash and square wave flicker below approximately 12.5 log quantaÁdeg -2 (0.4 log scot tdÁs) were similar in shape ( Fig. 1 ) and contained 30 and 45 Hz components of much smaller amplitudes (Fig. 4) . If the cone pathway contributed to these responses, we would expect large higher-order harmonics in the responses to the short flash stimuli because cones can easily react to the highfrequency components present in the short flash flicker stimuli. Thus, this provides additional evidence that the cone pathway does not contribute to the responses for flash strengths below 12.5 log quantaÁdeg -2 . We suggest that the higher-order harmonics that occur in the responses below 12.5 log quantaÁdeg -2 are caused by nonlinearities in the rod responses. Figure 5 shows the steep change in phase at approximately 11 log quantaÁdeg -2 where the main contribution of the responses shifts from the primary to the secondary rod pathway. The data plotted in the figure suggest that in subject MC (top left) the phase was high at low flash strengths and decreased at higher flash strengths, while in subject FH (top right) the phase was low at low flash strengths and increased at higher flash strengths. However, if we add 360°to the phase of subject FH at the stimulus of the lowest flash strength, the difference with subject MC is only 70°. The difference in the transition can be explained if we envisage the primary and secondary rod responses as pure sine waves. The phase curves of the sum of these responses will only show a 180°change when the pathways are exactly 180°out of phase. Otherwise, the transition will take place more smoothly and occur over a range of flash strengths, as found in our data and in the data recorded in mice by Nusinowitz et al. [34] . The phase curve of the sum of the primary and secondary rod pathway responses seems to decrease or increase with flash strength but this only depends on whether the phase difference between the two rod pathways is more or less than 180°.
In our model, we used independent linear phase curves for each pathway. This is in contrast to the descriptive model of the primary and secondary rod pathway as developed by Stockman et al. [14] , who used a fixed time difference of 33.3 ms (180°at 15 Hz) between the two rod pathways for the entire range of flash strengths. This corresponds to the original hypothesis that the 15 Hz minimum is caused by destructive interference of rod pathway responses because they are in opposite phase [7, 13, 23] . However, our data showed that the phase shift does not always approximate 180°. Also, the slope of the phase differed with flash strength before and after the first minimum. Obviously, the model fitted the data better when we used independent phase curves instead of a fixed phase difference. However, the larger differences that we found for the slope of the two phase curves may indicate that this is a more realistic description of the physiological behaviour of the pathways.
Stockman et al. [14] recorded ERGs to flicker stimuli of 8-21 Hz and found minima in several amplitude curves. Because these minima could not be explained by a fixed time difference between the two rod pathways, they suggested that the primary rod pathway responses decrease at higher flash strengths. A decrease in the amplitude curve belonging to the primary rod pathway improved the fit of the model compared to an amplitude curve showing no decrease. If correct, this means that the first 15 Hz minimum is caused not only by destructive interference because of a 180°difference in phase, but also by a decrease in the primary rod pathway responses [14] . Furthermore, the secondary rod pathway may saturate at higher flash strengths. Few predictions have been made in the literature on the behaviour of rod pathway responses to flickers of high flash strengths [35, 36] . However, in the subsequent accompanying study, we will describe the 15 Hz responses of an achromat. In this patient, the 15 Hz responses were normal for low flash strengths and showed a first minimum, but at higher flash strengths, the responses decreased to noise level.
Both 15 and 30 Hz amplitude curves for stimuli of all colours become more similar for flash strengths above 12.5 log quantaÁdeg -2 (Fig. 2) . As the sensitivity of cones lies within a half log unit between colours, these similarities suggest that these responses are dominated by cone pathway responses. Above 12.5 log quantaÁdeg -2 , the amplitudes of the 30 and 45 Hz components in the responses to the short flash flicker increased rapidly. In subject MC, the 30 Hz components reached an even larger amplitude than the 15 Hz components (Figs. 2, 4) . Such an increase is absent in the responses to the square wave flicker. Therefore, at high flash strengths, the 15, 30 and 45 Hz components are of large amplitude in the responses to the short flash flicker while in the responses to the square wave flicker, the 15 Hz component is large but the 30 and 45 Hz components are small. Hence, the components present in the stimuli are replicated in the responses. Thus, at high flash strengths, the dominant pathway responds to all higher-order components available in the stimuli. Since cones, in contrast to rods, can easily respond to fast flickers, this provides evidence that the 30 and 45 Hz components in the responses to the short flash stimuli above 12.5 log quantaÁdeg -2 are mainly linear cone responses. The second minima in the 30 and 45 Hz blue and green stimuli amplitude curves thus mark the transition from the secondary rod pathway to the cone pathway. We suggest that for the square wave stimuli, the 30 and 45 Hz components above 12.5 log quantaÁdeg -2 arise from nonlinearities in the cone responses.
The 15 Hz amplitude curves of responses to blue and green stimuli showed a second minimum at approximately 13 log quantaÁdeg -2 for subject MC. These minima were accompanied by a small phase shift for both short flash and square wave stimuli. We argue that this minimum is caused by interactions between the secondary rod pathway and that of the cone pathway. Rod to cone interactions may also explain the minima or inflection points observed in the amplitude curves of the amber and red responses at 12.5 log quantaÁdeg -2 . To summarize, we used the differences in both spectral and temporal frequency sensitivity of rods and cones in order to distinguish the rod and cone pathway contributions to 15 Hz ERG responses. In accordance with earlier studies [13] [14] [15] 21] , we found a minimum in the 15 Hz amplitude curves of the ERG responses to blue and green stimuli. The results provide evidence that only the rod circuit contributes to the ERG responses for flash strengths close to this minimum. However, the minimum may not only be caused by a 180°phase shift between the primary and secondary rod pathways, but also by a decrease in responses of the primary rod pathway. Furthermore, at higher flash strengths, the 15 Hz blue and green stimuli amplitude curves showed a second minimum that may be caused by rod to cone interactions. Also, for flash strengths above 12.5 log quantaÁdeg -2 , the ERG responses contained 30 and 45 Hz components, indicating substantial contribution of the cone pathway. For clinical protocols, we recommend using a short flash flicker stimulus since the amplitudes of the ERG responses evoked are larger than with square wave flicker stimulus. Also, cone pathway contributions can easily be recognized by the larger higher-order harmonics that appear in the ERG signals.
